Literally changing the brain
Can culture change basic brain anatomy? Evidence that bears on this question is hard to come by, and the contribution by Castro-Caldas and colleagues in this issue is therefore particularly welcome. Their paper shows direct evidence for changes in the functional organization of the adult brain as a result of a decidedly cultural cause: having learned to read. Obviously, behaviour and brain activation will be changed by learning. Indeed there have been studies showing differences in brain activation by comparing performance at early and late stages of learning (see Passingham, 1997) . That is not the point. What is shown here is a difference in how literate and illiterate people speak, without so much as a glimpse of print.
Castro-Caldas and colleagues took advantage of a rapidly vanishing opportunity to study the effect of literacy without confounding social or medical factors. They compared people who were modestly literate and those who were illiterate, all from the same small town in southern Portugal. In this community it used to be quite common to keep the eldest daughter at home to help with the work, while the younger ones were sent to school for four years. Even those who had been to school did not read very much, and both groups of participants were screened to be of equal level in a number of simple vocabulary and general knowledge tests. All this makes any differences obtained even more remarkable. Morais et al. (1979) were the first to grasp the opportunity of comparing literate and illiterate Portuguese adults of the same sociocultural background. They showed that illiterates performed very poorly in spoken language games like phoneme deletion (e.g. take away the first sound of 'porto', resulting in 'orto'). They also found that illiterates had poorer short term verbal recall. Similar studies have been conducted with non-alphabetic languages, notably by Read et al. (1986) , with similar results. These studies have confirmed that the effect is due specifically to the alphabetic principle of graphically coding segmented speech sounds. In the present paper, illiterates are shown to perform poorly at listening and repeating words, a task just as remote from writing as the language game of phoneme deletion. The conclusion from this and other studies of literacy acquisition is that learning to read has a profound effect on the way the brain analyses speech and how the product of this analysis feeds into memory.
The present study did not stop there, however. In an international collaboration, 12 elderly Portuguese women (including two sisters, one of whom was illiterate) travelled to Stockholm. These courageous ladies, half of whom had © Oxford University Press 1998 never been to school, had agreed to be PET scanned at the Karolinska Institute. While lying in the scanner they had to repeat words as they were spoken by the experimenter; some familiar, meaningful words, some unfamiliar, nonsense words. This was all carried out at a comfortable pace. A striking difference appeared only in the repetition of non-words: the women who had not been to school made numerous small errors, in fact, four times as many errors as the other women (67% versus 16%). The errors were mostly slight changes in the phoneme structure of the words, for instance, 'eflara' for 'eplara'.
The imaging results supported the behavioural differences: during repetition of unfamiliar words, different brain areas were active in the two groups. Taken together, the results are proof that schooling in literacy changes brain organization permanently. This represents novel evidence in the longstanding nature-nurture debate by contributing a contrast in brain development with and without a specific cultural influence. However, we are still far from knowing by what specific mechanism nurture/culture changed nature/brain in this case. Of course, the answer does not come from simply looking at places in the brain where neural activity is increased or decreased; it is necessary to have a theory. In line with current work, the authors suggest that learning to become literate has the effect of setting up multiple systems for processing phonological information (see Goswami and Bryant, 1990; Brady and Shankweiler, 1991) . Illiterates have not developed their capacity for phonological processing, and hence they rely more on lexical-semantic systems. The finding that illiterates often produced familiar words when repeating non-words (e.g. 'gravata', meaning tie, for 'travata') confirms this hypothesis. Going a step further, one might liken the possession of an alphabetic code to a virus. This virus infects all speech processing, as now whole word sounds are automatically broken up into sound constituents. Language is never the same again. This is not a cause for regret, since a benefit of this sort of 'brainwashing' is an improvement in memory; by keeping track of phoneme constituents, novel word sounds are remembered more accurately.
What happens in the brain when people listen to words and repeat them? Functional brain imaging studies have mapped out the phonological system of language processing in highly literate people as it is active during reading and naming (Démonet et al., 1992; Price, 1997) . The moderately literate women in the present study also activated this extensive system, and activated it more strongly than the illiterate women. The illiterate women showed only one area of greater activation than their peers, and this was in the right prefrontal cortex, outside the classic speech processing areas. This area is known to be active when people recall recently presented stimuli (see Fletcher et al., 1997) . It looks, therefore, as if the non-words were treated as novel semantic information rather than novel sounds. In contrast, the literate women remembered with great precision the unfamiliar nonwords using the phonological code induced by literacy. Presumably they coded them as segmentable sound strings rather than as semantic information. Indeed, the associated brain activation was largely similar to that for familiar words. So, there is a second benefit to 'brainwashing' through literacy: the unfamiliar is made familiar. Thus, sense and nonsense words are treated equivalently. In either case, speech processing automatically involves breaking up the speech sound into constituent phonemes.
With the help of 12 brave women, the authors have provided pioneering evidence for the belief that culture changes the brain, and that learning to read changes the way speech is processed. Might brains also be irrevocably changed by literacy in other ways? Is it possible that learning to read has an equally transforming effect on processes underlying visual perception and thinking?
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